ABSTRACT. The natural history of mimiviruses (i.e., viruses that are members of the Mimivirus genus) is a challenge for modern biology. A new domain of life to include these organisms has been proposed from analysis of gene conservation. We analyzed the evolutionary relationship of proteins involved in the translation system, and our data show that mimiviruses are a sister group of Eukarya. New data about the origins of Eukarya, in which Eukarya appears as a branch derived from the Archaea domain, were discussed, and we suggest that the mimiviruses emerged from the initial population that gave origin to Eukarya and that, in this way are not part of a new domain of life.
INTRODUCTION
Mimiviruses (i.e., viruses that are members of the Mimivirus genus) bring a new light to the studies of viruses, bringing up questions about their origin and evolution. Due to the fact that these viruses have proteins similar to those of Bacteria, Archaea, and Eukarya, they have been placed in the phylogenetic tree of life as a new branch or sometimes as a fourth domain of life (taking into account here the proteins that are unique to them) (Raoult and Forterre, 2008; Boyer et al., 2010; Forterre, 2010a,b; Colson et al., 2011; Clavarie, 2013; Sharma et al., 2014) . This idea of placing them in the phylogenetic tree of life breaks the paradigm that viruses are not considered living beings and, as such, breaks the current definition of life, which is closely related to the definition of cellularity itself. This model received quite a lot of criticism because placing these viruses along with the other domains in the tree of life not only influences the overall classification of organisms but also reflects the traditional definition of viruses as "non-living beings".
The viral family Mimiviridae is currently divided into three genera, with the genus Mimivirus being divided into three lineages: A (which includes Acanthamoeba polyphaga mimivirus, Samba virus, Hirudovirus, and Terra2), B (which includes Moumouvirus), and C (which includes megaviruses such as Courdo7, Courdo 11, Courdo 5, LBA111, Megavirus chilensis, and Terra1) . The majority of Mimiviridae appears to be from the genus Mimivirus. The second subfamily is Cafeteriavirus and includes the type species Cafeteria roenbergensis virus BV-PW1. The Klosneuvirinae have been proposed as a third genus and are divided into four lineages: Klosneuvirus, Indivirus, Catovirus, and Hokovirus. These lineages were discovered through analysis of low-complexity metagenomes from a wastewater treatment plant and apparently have all 20 AARS (aminoacyl-tRNA synthetase) normally present in living beings. Because they have some unique characteristics, it has been proposed that they should be classified as a new subfamily (provisionally denoted as Klosneuvirinae) in the family Mimiviridae (Schulz et al., 2017) .
These organisms show unique features that place themselves at the edge of the cellular and the viral world (Raoult et al., 2004) . Besides that, they do not go through many modifications on their genomes (Filée, 2015) . Thus, it is most likely to find great levels of gene and protein preservation in their members and, as such, this makes developing concise phylogenies for this group very viable. Currently, there are two discussion fronts regarding the evolution of mimiviruses: one states that Mimivirus and other nucleocytoplasmic large DNA viruses (NCLDV) acquired their giant genome, as well as their genes that are similar to those of cells, due to multiple events of horizontal gene transfer (HGT) (Moreira and Brochier-Armanet, 2008; Williams et al., 2011) , as viruses are already known to take part in such processes. The other hypothesis states that these giant viruses are originated from ancient cellular organisms that went through genome reduction and acquired a viral lifestyle, placing these viruses in a new branch of the tree of life. This idea is supported by genes that are similar to those found in the other three domains of life (Nasir et al., 2012) . Filée (2015) brings up a new hypothesis of the evolution of NCLDVs: the genomic accordion hypothesis, where giant viruses evolved through a balanced process of gene acquisition (gene duplication mostly, but also through HGT being compensated by gene loss. The hypothesis also states that the rate of the expansion of the genome has decreased before the diversification of Mimiviridae and, as such, the ancestors of these viral families were already giant viruses, indicating that the large size of the genome emerged early during the evolution of the NCLDVs (Filée, 2015) .
The delineation of the fourth domain of life that supports the monophyly and common ancestry of these giant viruses was allowed based on phylogenetic and phyletic analysis characterized by the presence or absence of patterns of informational genes (e.g., DNA biosynthesis and processing, DNA replication and repair, recombination, and transcription) shared between Eukarya, Bacteria, Archaea, and the NCLDVs (Boyer et al., 2010) .
Because of these unique characteristics that differentiate mimiviruses from all other viruses, their large diversity, and since their fairly recent discovery, they have been receiving great attention from the scientific community. In this study, we try to clarify the existence of the fourth domain of in the life tree based on mimiviruses' translation proteins, as well as to clarify the phylogeny of the Mimivirus genus and their possible relationship with other living beings, as well as their possible position on the tree of life.
MATERIAL AND METHODS

Obtainment of proteins
In order to achieve this, we used eight translation proteins: Arg-tRNA synthetase (YP_003987185.1), Tyr-tRNA synthetase (YP_003986615.1), Cys-tRNA synthetase (YP_003986656.1), Met-tRNA synthetase (YP_003987159.1), elongation factor eFTu (YP_003987141.1), initiation factor SUI1 (YP_003986971.1), release factor eRF1 (YP_003987255.1), and tRNA (5-uracil-) methyltransferase (YP_003986909.1), because they have been shown to be remarkably conserved in the following organisms used in this study: 
Alignment and best evolutionary model
For the alignment of these sequences, the software MAFFT v.7 software (Katoh and Standley, 2016) was used. After that, we searched for the best evolutionary model using the ProtTest 3 software (Darriba et al., 2011) and we found that the best evolutionary model according to AIC was the LG+I+G model.
Phylogenetic trees
The phylogenetic trees were constructed by maximum likelihood using PhyML in the T-REX web server (Makarenkov, 2001; Boc et al., 2012) , using the best evolutionary model estimated by ProtTest 3 (Darriba et al., 2011) .
RESULTS AND DISCUSSION
The evolutionary history of NCLDV is a very significant challenge for modern biology. Gene comparisons with essential biological processes are good tool to analyze the evolutionary history of organisms. The use of molecules involved in translation processes has aided in the understanding of the biological diversity in the last 40 years.
The emergence of a translation system represents an important biological step during the origin and organization of life. All cellular organisms have a very complex translation system, this step being the last process and the heart of the informational flux in the cell.
Although viruses lack in their genomes ribosomes and protein sequences involved in the translation process, they can use the cellular ribosomes and all of the proteins of the cellular translational machinery; this characteristic may indicate a common origin of the information in the evolutionary history of life. These organisms present many proteins involved in processes that until the moment were observed only in cellular organisms, and among them are the translation proteins. The presence of translation proteins in NCLDVs opens new hypotheses about its origin and the phylogenetic relationship with other domains of life.
Here, we analyzed 8 proteins involved in the translation process that was conserved in Mimivirus genomes. The original trees are in Supplementary material (Figures S1-S8) . In Figure 1 , we present the results for AARS to arginine (A), cysteine (B), methionine (C), and tyrosine (D). The data for ArgRS, MetRS, and TyrRS showed Mimivirus as more related to Eukarya; with Bacteria as the external group. The data to CysRS showed Mimivirus as the most ancestral protein, but still more related to Eukarya. Boyer et al., (2010) , analyzed the AARS of Mimivirus and proteins involved in different steps of DNA processing and showed that Mimivirus rooted with Eukarya. From these data, they suggested that Mimivirus are a clade distinct of Eukarya and that these results can support the existence of a fourth domain of life (Boyer et al., 2010) . In Figure 2 , we present the phylogenetic analysis of elongation factor eF-TU, release factor eRF1, initial factor SUI1, and tRNA (5-uracil-) methyltransferase. The data showed that the elongation factor eF-TU, the release factor eRF1, and the initial factor SUI1 of Mimivirus are more related to Archaea and Eukarya, while tRNA (5-uracil-) methyltransferase is related to Eukarya, with Bacteria as the external group. According to Sharma et al. (2016) , the NCLDVs, proposed as a new-order Megavirales (i.e., giant viruses) (Colson et al., 2013) , which Mimivirus is part of, is monophyletic and is part of a new domain of life called TRUC (things resisting uncompleted classification) based on the phylogeny of RNA-dependent RNA polymerase (RNAP) and DNA polymerase. These genes, mainly RNAP subunits 1/2, represent valuable markers to classify new NCLDV members and uncharacterized microbes. Nasir et al. (2016) argues that a chimerical origin of the Eukarya is very improbable, for there is a large difference between the Archaea, Eukarya, and Bacteria membranes that would require a transformation of an ether-bound lipid membrane in Archaea into an esterbound lipid membrane in Bacteria and Archaea and there is no evolutionary reason for this. Besides, there is no genetic and morphological overlap between archeovirus and eukaryovirus (Nasir et al., 2016) .
However, Raymann et al. (2015) investigated the relationship between Archaea and Eukaryotic organisms by applying a unique and alternative strategy for the use of Universal trees by using the model of evolution of complex proteins (Raymann et al., 2015) . Their results strongly suggest that the appearance of Eukaryotes within the Archaea group is firmly connected to a root within Euryarchaeota. Furthermore, using a concatenated set of 16 ribosomal protein sequences from each 1011 genomes of organisms of all domains, Hug et al. (2016) constructed a tree of life with two domains, placing Eukaryotes branched within the Archaea domain, specifically within the TACK superphylum and as a sister group to the Lokiarchaeota phylum (Hug et al., 2016) . This approach classified those organisms based on the inheritance of their information systems as opposed to lipid or other cellular structures. Zaremba-Niedzwiedzka et al. (2017) suggest the new archaeal superphylum Asgard as ancestral to the first Eukarya population. Martin et al. (2015) reinforce the symbiotic origin to Eukarya from a host cell derived from an archaeal lineage and a bacterial endosymbiont.
As we can see from our results, all inner branches of Mimivirus and most of the clusters have good support with a high bootstrap value, generally ranging from values of about 70-100. In seven of the eight phylogenetic trees, the Mimivirus cluster diverges at the base of the Eukarya branch, showing a close relationship with this group.
Based on these results, the Mimivirus taxa can compose a sister group of Eukarya and, based on recent phylogeny studies regarding the position of the Eukarya domain in the tree of life (Hug et al. 2016) , we, therefore, hypothesize that this family of viruses is, in fact, a new branch that can have derived from the primordial population that gave origin to the modern Eukarya, after the initial separation of the superphylum TACK and not indeed a new domain of life. Figure S1 . The original tree to Arginyl-tRNA synthetase for the three domains plus Mimivirus. 
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